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1 Model Philosophy

1.1 What is IGW-NET?

IGW-NET is a groundwater flow and mass transport model. It consists of two parts, the mathematical model
and a graphical user interface (GUI). The model is a computer program that solves numerically the
equations that describe groundwater flow and mass transport. The GUI is a user-friendly interface that
facilitates putting the information that the model needs into computer-readable form. It also organizes
the input and output information in a format that is amenable to presentation in a graphical format.

1.2 Logical Structure of IGW-NET

The model is presented to the user through a series of windows. The windows, in turn have sub-windows
that include list boxes and drop-down lists. List boxes are passive in the sense that they provide a series
of options that are always visible. Drop-down lists are activated and become visible only when a selection
is made in a list box.

In the Appendix the complete logical structure of the IGW-NET interface is laid out. The goal is to allow you
to find any of the named buttons without having to search through the GUI structure to find them. It
would be helpful if you turn now to the Appendix and scan the contents so you know what you can find
and where you can find it when you need it. We will shortly, via an example, learn how these GUI elements
work individually and work together.

The IGW-NET model is essentially two integrated models, one to solve the groundwater flow equations and
one to solve the mass (contaminant) transport equations. To solve the mass transport model, you require
as (known) input the velocity of the groundwater. To obtain the velocity of the groundwater, you need
the hydraulic head distribution (water level elevations). Using Darcy’s law and knowing the porosity of the
geological materials through which the water is flowing and the head distribution, one can obtain the
velocity of the dissolved species (such as salt or organic contaminants). So, there are three separate steps
1) solve the groundwater flow equations for hydraulic head, 2) solve Darcy’s law for the dissolved species
velocity and 3) introduce the velocity into the mass transport equation and solve for the concentration.

As noted, one objective of the GUl is used to translate known model information from a visual format such
as a map into a series of numbers that are readable by a computer. A second GUI responsibility is to
translate the numbers generated by the computer model into a visual format understandable to the user.
In addition, the GUI can visualize computer commands such as printing, file saving, and file selection.



2  Access to IGW-NET

IGW-NET lives on the cloud. You access IGW-NET through a series of steps executed via your browser (e.g.
Firefox, Chrome, Edge, Safari, etc.). Navigate to https://www.magnet4water.net/ or magnet4water.net
(MAGNET'’s host website), which is shown in Figure 1. The important information/links reside in the ribbon
at the top. It gives you the chance to sign in or create an account. You need to create an account and sign
in to run IGW-NET model so that your settings, files, etc. can be saved and securely accessed via the 1GW-
NET web server.

In Figure 2, you see the SIGN UP button. Now click Create Account. You need to fill out the form that is
now provided (Figure 3). Note the Accept box at the bottom and the Sign Up button. Return now to the
magnetdwater home page (Figure 1). Hover the cursor over ‘Platform’ in the ribbon at the top ,and Go to
Platform from the set of options. In the new web-page, click on the Globe with ‘Google Map Based’ under
it (see Figure 4). The resulting window is shown Figure 5.

This is where you want to be to begin building your model. You have completed steps 1 and 2 in the Quick
Helper shown in Figure 5. You have a world map and will generally use this to provide the background map
of the area you wish to model. However, we will see that it also has other uses.



@ HOME | PLATFORM | NETWORK | CURRICULUM | CASE STUDIES | VISUALIZATION | MANUALS | SUPPORT | CAREER | SIGN UP

IVIAGNET

Multiscale, Adaptive Global NETwork for Water

THE GLOBAL WATER MODELING PLATFORM

cloud-based, data-enabled, hierarchical, real-time interactive, accessible anywhere & anytime
enabling simulation of groundwater & watershed dynamics anywhere in the world

[
|

-
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Figure 1: Initial window for entering IGW-NET (magnet4water.net homepage).
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Figure 2: Accessing the link to create a MAGNET account.



User Naine \ \ \ [ | |

NOTE:: At least 3 characters are required. The first character must be a letter; the second and third must be a letter or a number

Enter User Name

Email

Enter Email

Password (at least 4 characters are required)

Enter Password

Repeat Password

Repeat Password

User Type
Please select one that best describes you: |

Affiliation
Please select one that best describes your affiliation: |

GuestPassword (can be shared by multiple users)

Enter Password for Guests

Additional Information

Enter other information

¥ Use email notification for comment/message alert

By creating an account you agree to our Terms & Privacy. [ Accept

Cancel Sign Up

Figure 3: Registration form. If you would like to receive notices about updates to MAGNET and new
features being added, please use your permanent email for sign-up.
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Figure 4: Platform sub-page for accessing the IGW-NET modeling platform.
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Figure 5: Introductory window for model creation.

3 Setting up a Basic Flow Model

The philosophy of modeling with IGW-NET is to very quickly set up and simulate a basic model - utilizing a
complete set of default input values/datasets, default simulation settings, etc. — so that you can
immediately get a sense of the “big picture” through built-in visualizations and chart analyses created “on
the fly”. The basic model gives a screening-level prediction of flow patterns that can be improved by
representing more details, adding more data, or changing the conceptual model based on the objectives
at hand and the experience of the modeler.

The following sections explain the sequence of steps needed to set up, simulate, and visualize/analyze a

basic model in IGW-NET. Subsequent sections explain how incrementally add more and more details to the
basic model.
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3.1 Lateral Boundaries of the Model

Observe in Figure 5 the four green buttons on the left side of the modeling environment. Each of these
yields a list box upon clicking. Figure 6 shows the contents of each List box. In setting up our model, we
will normally begin with the top button in the left-most drop-down list. The DrawDomain button will be
used to do just that, draw the domain or area of interest of our model (see Figure 7).

Since we first need to draw the domain,we click on this button on obtain the following four options. The
first will allow us to draw a rectangular domain very efficiently. This is the easiest choice and the one we
will use. The DomainPoly option is an important alternative. It allows us to draw any polygonal area as the
domain for our model. The next two, DM from a txt File and DM from a shapefile allow us to bring in
information about our domain in a computer file when it is known, rather than actually drawing the
domain with the mouse.

Since the map shown Figure 5 is at a very small scale we need to enlarge the scale to identify the area of
interest for our model. Let’s see how we move around this world map and change its scale. As long as the
hand is visible over the map, double clicking and moving the hand moves the map. If you use the ctrl key
and scroll, the map changes scale. If you left click the window while moving the hand will move the map.
We will first move the map to the general area we want to use for our model and then magnify the model
to focus on the primary area of interest. We get the map shown in Figure 8.

SIMULATE Analysis SaveModel
Dravbonaik ParticleTK X-Section LoadModel
DOManATT Forward Calibration HideOverlay
Backward ResetModel
Wells Pause Utilities
Lines
Zones Help
Layer
SaveShape

Figure 6: Tools for primary modeling activities.
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Figure 7: The rectangular drawing tool.

Next, we click on Conceptual Model Tools and then Draw Domain and finally on Domain Rect as shown in
Figure 9. When you move the mouse over the map area, you will see your mouse turn into a large plus
sign. Place the mouse on a corner of the domain you want to create, say, for example the upper left-hand
corner (northwest corner). Click the mouse and then move the mouse to the location of the proposed
rectangle that is furthest from the point you just created. In our case that could be the lower left-hand
corner (southeast corner). When you click you mouse, the rectangle will be created. Note that there are
four corner points on the rectangle that will allow you to adjust the size and shape of the rectangle. Also
note that you cannot click too quickly; the clicks need to be done slowly, with a second or two in between
so that IGW-NET (as a web-based platform) has enough time to react.

The next time you click anywhere inside the model domain you will get window shown in Figure 10. Click
OK to continue. You will be rewarded with another prompt (Figure 11) related to displaying display
distances between vertices in the map display the next time you adjust the domain shape/size by dragging
one of the vertices. Again, click OK. If you do this an undo button will appear next to it to reset the location
to the previous position. Only the last position is kept in ‘IGW-NET's memory’. The message will disappear.

A second way to finalize the domain size and shape is to click the Conceptual Model Tools button and then
click the SaveShape button. A third way is click on Other Tools and then on Utilities and finally on Geometry
Locked. Both the 2"¥ and 3" approach avoid the message prompts described in the previous paragraph.
If you want to change your rectangle entirely go back to the DomainRect button and click it. The rectangle
you just created will disappear and you start the process over. There is no universally applicable ‘'undo’
button in this program.
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The polygon to be edited is a domain rectangle, 'OK' to continue.

OK H Cancel

Figure 10: Response to selection of area of model.
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Show distance when editing, 'OK’ to continue.

[ ]Prevent this page from creating additional dialogs

OK |\ Cancel

Figure 11: Second response window for definition of model boundaries.

Along the lateral and bottom boundaries are considered “no flow” boundaries (the top surface is a
different story — more on that below). In other words, there is no flux of groundwater across these
boundaries. Unless the boundary is aligned with a groundwater divide (which is hard to identify, and
which changes in response to changes to recharge or pumping, for example), there may actually be some
flow across the model boundaries. Therefore, the basic flow model we are developing may not be very
accurate near the boundaries. But we can make the model large enough so that the area of interest is far
from the boundary so the impacts of the no-flow conditions can be eliminated/minimized. Later we will
learn how to use the basic model to provide boundary conditions (flow information) for a smaller, nested
submodel with more details (see section 5).

3.2 Aquifer Attributes

Now that we have specified the boundaries of our model (but not our boundary conditions) we can define
the geometry and the hydraulic properties of the aquifer. This is done by accessing the Domain Attribute
menu by clicking the Conceptual Model Tools button and then clicking DomainAttr (see Figure 12). When
you click DomainAttr the button it changes color and you the Domain Attributes menu opens (see Figure
13).
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Here you see tabulated the various properties of the groundwater system that you can define. Default
values are provided. These can be changed to meet the needs of your aquifer system. Some are familiar,
such as hydraulic conductivity and storage coefficients that pertain to the groundwater flow calculation,
and others are needed for the mass transport capability such as dispersivity, diffusion coefficient, and
biochemical information. Also included is information on flow into the system within its boundaries
including recharge from rainfall recharge. Notice that at the top of this window there is a layer designation.
It states that this information is pertinent to layer 1 which is a Geolayer, or layer that is defined to
accommodate geological properties (IGW-NET can accommodate multiple vertical layers — see section 7). It
is also possible to define layers within a geolayer that are used to increase the simulation accuracy in the
vertical direction (again, see section 7).

Notice that there are question marks at the end of each data entry definition, for example next to the Top
Elevation heading. If you click one of these question marks you will open a new window that give an
explanation of the meaning of the. designated term, in this case Top Elevation.

Figure 12: Accessing the Domain Attributes window through the DomainAttr button.
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Aquifer Attributes
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Figure 13: Aquifer attributes selection window.

3.2.1 Aquifer Elevations

Top Elevation

An example Help page for Aquifer Top Elevation is provided in Figure 14. It is worth noting that in the
Aquifer Top Elevation description is mentioned the fact that, while the top elevation of the model can be
provided as a single number, it is also possible to define it as a surface, that is to say that different values
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are provided in different areal locations. The database for this is designated as a Digital Elevation Model
or DEM and provides a better representation of reality. This is used in this test dataset. IGW-NET uses data
that is processed and stored at different resolutions. The code automatically extracts the appropriate DEM
based on the grid size of the model. This is done by default?.

In addition to the DEM from the MAGNET Data Server, users can add spatially -variable data layers to
represent the aquifer top elevation by importing a raster format file.

Bottom Elevation

The bottom of the elevation can be represented in several different ways. The default treatment is the
simplest: a constant elevation for the entire aquifer bottom surface, which is calculated as a prescribed
value below the minimum DEM elevation within the model domain. The bottom elevation can also be
calculated by prescribed a constant aquifer thickness, following the variable land surface; or, the user can
use spatially-variable thickness/elevations available from the MAGNET Data Server, or by importing their
own raster file. The models presented in this document apply the default treatment: constant elevation
calculated from minimum DEM minus 60.96m (200ft).

1 The data network page on magnet4water.net gives a current listing with details of all big-data inputs offered on MAGNET.
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Aquifer Attributes
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Figure 14: Help page that appears when you click the ‘?’ associated with the aquifer Top Elevation input.
3.2.2 Aquifer Properties

Hydraulic Conductivity

The simplest treatment for defining the hydraulic conductivity (K) of the aquifer is to assign a single,
effective value, which is what is presented here (22.86 m/d or 75 ft/day). But other options are also
available. It is possible to upload a raster file with spatially-varying K; or you can use spatially-variable K
data available from the MAGNET Data Center Serve. Zone features (polygons) can be added within the
model to represent local heterogeneities with a local K value different from the domain K. With zones,
you can also use scatter points for spatial interpolation of K, or you can generate a random K field defined
by a group of statistical parameters. Adding zones and defining their attributes is covered more in the
Sections 5 and 6.
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Porosity

To calculate the seepage velocity — or the velocity at which the groundwater is moving — porosity must be
prescribed to account for the actual open space available for the flow. By default, a single value is used
across the domain (0.3 or 30%); but like K, you can use zones to represent local heterogeneities (localized
effective values or interpolation of scatter points)

Storage

For transient simulations of groundwater systems, the elasticity of the aquifer needs to be defined. The
elasticity is not due to the elasticity of the individual grains that make up the aquifer, but rather reflects
primarily the rearrangement of the individual grains as the fluid pressure in the aquifer changes. There is
also an elastic effect due to the elasticity of water (water expands a little with a decrease in pressure), but
it is minor relative to the impact of grain rearrangement. In IGW-NET, we represent this elasticity in terms
of aquifer storage (specific yield or specific storage). By default, a specific yield of 0.1 and a specific storage
of 10° m? is applied through the model domain; but again, you can use zones to represent local
heterogeneities (localized effective values or interpolation of scatter points).

3.2.3 Aquifer Sources and Sinks

The basic model using default settings can be described by an aquifer water balance where recharge (input
of water) is countered by surface seepage to gaining water bodies (loss of water). Other sources or sinks
(for example, extraction and injection wells, losing streams or rivers, etc.) can be added to the model
incrementally.

Recharge from Rainfall

Groundwater recharge is the entry of water into the saturated zone at the water-table surface. In IGW-NET,
recharge is treated as a model input of specified flux [L/T] that is constant in time. (Time-varying recharge
can be assigned using zone features). Here, a single value (15 in./yr.) is applied through the model domain
(default setting), but you could also use the spatially-variable recharge raster available from the IGW-NET
data server or your own raster file of recharge.

Surface Drainage to Rivers, Lakes, and Wetlands / Springs

IGW-NET “automatically” captures the effects of major drainage features (lakes, streams, rivers and
wetlands) that control prevailing flow patterns under natural conditions. This is done through intelligent
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use of the aforementioned High-resolution Digital Elevation Models (DEMs) that provide aquifer top
information essentially “everywhere” on earth.

The default treatment in IGW-NET is to calculate, during the simulation process, instances where the
groundwater head exceeds the land surface elevation, i.e., where gaining rivers / lakes / wetlands are
found, allowing groundwater to leave the aquifer as a sink of water (i.e., groundwater is lost as surface
seepage). This approach captures the spatially-distributed aquifer drainage effects of groundwater to
gaining surface water bodies (groundwater-fed lakes, streams, wetlands, and springs) as part of the robust
solution process, as the surface water stages (elevations) are embedded in the high-resolution DEM
datasets used for assigning the aquifer top elevations.

The ease with which water can drain from the aquifer to the surface is controlled by a parameter called
Surface Drain Leakancy, a factor representing the hydraulic conductivity per unit thickness of the land
surface. The leakancy can be adjusted or fine-tuned to better reproduce the observed surface water
network, e.g., if the leakance is too low, the flooded area will be large, and vice versa. The input field for
this parameter is provided in the Aquifer Attributes tab of the Domain Attributes menu (see Figure 13).
If you wish to “turn off” treating the entire land surface as a drain, and instead represent surface water
bodies using conceptual features (zones and lines — see Section 5.3), you can set the Surface Drain
Leakancy to zero.

Losing surface water bodies (where the groundwater head is less than the water body’s stage), are not
represented in this default treatment, but MAGNET users can add zone or line features to the model as
lakes or streams to allow two-way exchange of water and/or stages that vary with time. IGW-NET also
includes an Import Shapefile tool to add many streams/rivers, lakes and wetland features in this way, or
users can automatically extract surface water features (lakes and streams) from the MAGNET Data Center
and add them as conceptual features to the model.

4 Simulation

4.1 Running the Model

The information provided in the Aquifer Attributes window is adequate to run a model, provided that
boundary conditions are provided around the perimeter of the model. As previously mentioned, for the
initial, basic model such as we have so far, the boundary conditions are assumed to be no flow. Any sub-
model or child of the parent model (the one we are working with now) will assume fixed hydraulic head
boundary conditions that correspond to the computed head values obtained using the parent model along
the child model boundary (see subsection 5.1). The head values that are calculated to be higher than the
land surface are assumed to be seepage locations the model. For the case of a steady-state (time
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independent) model we have specified the minimum amount of information needed for simulation
(solution of the groundwater flow equations).

To simulate the behavior of the above-defined mode,| we simply press the SIMULATE BUTTON which is
revealed by clicking on the Simulation Tools button revealed in Figure 15. The result of this action is
presented in Figure 16. You must now use the information you provided earlier when you signed up to
fill in this window. Once this is successfully completed, you click Login and a confirmation prompt will
appear (Figure 17). A message regarding resetting the model and another the projection system to be
used for simulation and mapping will appear next (Figure 18) and you click OK to each to proceed. Then
your submission for simulation begins. At the top of the window you will see the progress of your
simulation. One such message is shown in Figure 19.

SIMULATE

Particle Tk

Forerard

Backward

Figure 15: Accessing the SIMULATE button.

X

You need to login first before you can implement this operation:

User Name

Password

Enter Password

| Guest Account (shares the same username as the master account)
Forget Password?

NMM?Heaseggnupm

Figure 16: Login for running the model.




validation is done!

Figure 17: Information window confirming validation complete.

www.magnetdwater.com says

PRJ foundiMAD_1983_NSRS2007_Michigan_GeoRef_Meters
CLick O to accept this PRJ or Cancel to use the default PRI,

Figure 18: Prompt regarding projection system to be used during simulation and mapping. Click ‘OK’ to
proceed.

Running on IGW server...: Extracting LandUse raster ...from IGW server.

79,-71.730299 Map Type| TERRAIN  ~ [Zoom Level Geolaye

Figure 19: Information window indicating model is running on server, with other updates.

4.2 Presentation of Results

4.2.1 Plan View Map Display

When the calculations are complete the solution is presented as a contour plot such as shown in Figure
20. The continuous lines are the hydraulic head contours. The arrows are the macroscopic fluid
velocities, which show the direction and magnitude of the groundwater velocity. The length of the arrow
is proportional to the magnitude of the velocity.
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Let’s see what information the model output provides. Recall that, by default, all lateral boundaries are
‘no flow’ so water does not leave or enter the model through lateral boundaries, and water only leaves
the model through surface seepage where the head is greater than the land surface (see Section 3.1). The
convergence of groundwater flow to major surface bodies is obvious.

The other factor at work in the observed solution is the aquifer thickness. The ability of water to flow
horizontally in the subsurface is directly proportional to the thickness of the aquifer. The product of
thickness times hydraulic conductivity is called the transmissivity. So, where the elevation of the ground
(water-table surrogate) is highest, the transmissivity is the highest because that is where the aquifer is the
thickest (recall that in this basic model, the hydraulic conductivity is constant - even though in reality K is
very variable - and the bottom elevation is a constant but the land surface is spatially variable). Since
Darcy’s law tells us that groundwater flow is proportional to the hydraulic gradient and the proportionality
coefficient is the hydraulic conductivity (in this case the transmissivity), we would expect the smallest
gradient where the transmissivity, and therefore the aquifer thickness, is largest. This is reflected in the
lower gradient around topographic highs (located near the center of the model). Of course, if we utilized
a spatially-variable bottom aquifer surface and/or a spatially-variable hydraulic conductivity input, the
output (and our interpretations) becomes more complicated.

26



7y N = T 7
€ '.ayer1|\1;:'5t a3 Flow.‘ﬁmiflgfgiq ?;Ud E(O.'O%ye\ars] an-.?rg_g,: _95:_4?'.1 lters!Lpop§

“Bdwningtq

n : : N

(=)

%

5

7
J\: % -t
urllnr_;ln ‘arﬁel i
G{ Stafe

Figure 20: Computed and interpolated hydraulic head contours and groundwater velocities.

4.2.2 Flow Pathlines

The simulated head and velocity distributions can be used to visualize groundwater pathlines. A pathline
is the trajectory that individual fluid particles follow in a steady-state flow field. We will next calculate
pathlines for mathematical particles that we will locate in our model. IGW-NET will allow you to introduce
these particles in a number of ways, e.g. placing them as individual points, within a polygon or around a
pumping well.

Given our existing flow model, the first step in computing and plotting path lines is to click on Simulation
Tools and then ParticleTK (see Figure 21). You can add particles along a drawn line, or inside of a rectangle
or polygon added to the map display. We will add a particle line along a head contour near the center of
the model where flow is diverging. Click the ‘ParticleLine’ option. A large “plus sign” (+) will appear on
your model and you can trace the line segment along which to place your particles. The trace will be made
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up of connected dots whose positions can be edited with click-drags. Each new click in the map display
will produce a dot. The end result appears in Figure 22.

Then re-submit the model for simulation, accept the projection system, and click on OK and you be asked
whether you want forward or backward tracking (Figure 23). Backward tracking traces a path from where
the particles you have defined came from in the past. Forward tracking in contrast defines where they will
go in the future. We wish to do forward tracking, so click OK.

As the model calculates the time evolution of the particles, the window that contains the figure is
continually updated so it is possible to observe the changes over time of the groundwater hydraulic head
and the movement of the particles. The results after many simulation years is shown Figure 24. Note that
some of the pathlines are longer than others. These represent longer distances traveled by some particles
compared to others over the simulation period. The longer pathlines are found in areas where contours
are closely spaced together, indicating larger head gradients and larger resulting groundwater flow
velocities.

SIMULATE

I

ParticlaLine
F
ParticleRact
Ba
ParticlaZone

o[zl

— RazstParticle
DeletzParticle

Help

Figure 21: Accessing the Particle placement tools.
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Figure 22: Particle line added to the model.

www.magnetdwater.com says

There are particles in your model, Click "OK to do forward tracking,

"‘Cancel' to do backward tracking.

Figure 23: Prompt to determine whether forward or backward particle tracking will be used.
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Figure 24: Simulated groundwater pathlines.

4.2.3 Cross-sections

You may have noticed that when the simulation results are returned to the map display, there is a yellow
line stretching across the center of the model in the x- (west-east) direction. This is a cross-section that is
automatically created when the model is solved. In fact, IGW-NET automatically creates a number of charts
and diagrams useful for analysis of the model results.

To access the cross-section results and other analyses, click the Analysis Tools button, click Analysis, then
choose Display Charts from the list of options (see Figure 25). Four plots will appear as shown in Figure 26:
a cross-section diagram; a cross-section plot; a water balance chart; and a three dimensional surface plot
of the water table. The cross-section diagram shows the aquifer top and bottom elevations, the water
table elevation, and flow velocities (vectors). The cross-section plot shows in a graphical format the top
elevation, the water table solution (smooth red line) and the bottom of the aquifer elevation. Other
options are available for plotting (e.g., hydraulic conductivity along the cross-section).
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At any time, you can draw a new cross-section within the model domain. To do this we need to return to
the analysis tools and select from them the X-Section button. When you click on the X-Section button, the
cursor will become a large plus sign. Locate the plus sign at the beginning of the line you plan to use to
represent where on the contoured map you wish to have your cross section drawn. When you complete
drawing the line, you can click ‘SaveShape’. This re-creates the cross-section diagram and plot for the new
cross-section.

Note the chevrons (“>>’ button) on the lower left of the various charts. Clicking on the chevron provides
additional information regarding the content of the plot and how to modify it. As an example the chevron
for the 3D Surface Plot yields the window shown in Figure 27. Here, for the first time we see reference to
a mesh. The mesh is the assemblage of blocks that together make up the fabric of the computer model.
The more blocks, the more precise and accurate is the model. Each block spawns one equation so the
number of equations being solved in this model is the sum of all the blocks in the model.

| Stevd
! Land

Display Charts
X-S
! Nodal Values
Calit

Post Analysis

Help 4

Figure 25: Buttons to access to show the cross-section and other chart analyses.
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Figure 27: Demonstration of pop up window generated when clicking the chevron.

4.2.4 \Water Balance

A water balance (or water budget) like the one shown in Figure 26 reveals the amount of water moving
into and out of the system (recall that, in the basic model, aquifer recharge is balanced by surface
seepage). A water balance is automatically created for the model domain every time a model is submitted
for simulation. Positive fluxes represent sources of water to the zone/domain, while negative fluxes
represent sinks of water

If you click the chevron of the Water Balance chart, you will see that water balance analyses can be
conducted not only for the model domain, but also for any zone added to the model domain (see Flow
Properties tab of the Zone Attributes menu) or a single grid cell of the model. You will also see that default

33



units are cubic feet per second (CFS), but users can change the units to gallons per minute (GPM) or cubic
meters per day (m3/day) by using the drop-down menu next to ‘Unit’. Any changes made require that
the ‘ReDraw’ button is selected before the chart is updated.

4.2.5 3D Surface Plot

The 3D surface plot shown in Figure 26 and 27 can be used to visualize model parameters and simulation
results across the model domain. There are several options available for altering the appears of the plot,
e.g., hiding the model mesh (grid lines), applying a log-scale for the parameter space, etc.

Use the drop-down menu next to ‘Surface’ to change the model variable being displayed. Model input
parameters that can be chosen include hydraulic conductivity, aquifer thickness, and transmissivity.
Model outputs that can be chosen include head (default), the x-, y- or z-direction velocity fields, or the
simulated concentration distribution if you are modeling flow and transport. The color map used in the
display can also be chosen from the list. After making all desired changed, click on the ‘ReDraw’ button
to update the 3D Surface plot.

If multiple layers exist in the model (see Section 7), use the scroll bars next to ‘GeolLayer:” and ‘CompLayer:’
to change geological and/or computational layers, respectively. The layer being displayed in the chart can
be updated by using the ‘Layer UP’ and ‘Layer Down’ buttons available in the options menu

5 Modeling More Details

Now that we have learned how to set up, simulate and visualize/analyze a basic IGW-NET model, our focus
now will be to add more details.

5.1 Changing the Number of Model Nodes (Model Grid)

It may be helpful at this point to explain how one changes the number of nodes in a model. Given the
model area is fixed (so far it has been a rectangle) the size of the rectangles used to represent the
discretized aquifer is dependent entirely on the number of nodes (rectangles) used. The more nodes, the
better the solution and the more computational work required to obtain a solution. So, a key question is:
how do you change the number of nodes or rectangles? The secret lies in the following figure which is
obtained by clicking on Conceptual Model and then Domain Attr. The resulting figure (Figure 28) has a tab
at the top called Simulation Settings. At the top left of the Simulation Settings menu is shown the number

34



of nodes in the x- (west-east) direction, namely Grid NX. Here you can change the number from 40 to one
that you prefer. The number of grid cells in the y- (north-south) direction is automatically calculated from
NX and the shape of the model domain (e.g., if the model domain is longer in the y-direction than the x-
direction, NY > NX).

Achieving more accuracy, or resolving some groundwater system dynamics — for example, the quick
changes in hydraulic head in the vicinity of a pumping well — require more model resolution (more nodes),
so you will want to increase NX to, say, 80 or 100. (The maximum number of grid cells in X direction for
the student version of MAGNWT is NX_max = 150. The total number of grid cells in both the X and Y
directions for the student version of IGW-NET is NYNY_max = 100 * 100 = 10000.) However, it is good
practice to use the default number of grid cells (NX=40) to understand the big picture and experiment
with different aquifer representations before increasing the number of grid cells.

An alternative to increasing the number of cells in the model is to make use of nested submodel, which

can be interactively added and simulated in different, smaller areas of interest. This useful approach is
discussed in the next subsection.
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Figure 28: Simulation settings tab of Domain Attributes menu, where the number of grid cells in the x-

direction can be assigned (default: NX=40).
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5.2 Defining a Nested Model

The model that we have defined above is called a basic "parent" model. By default, the boundary
conditions on these models are assumed to be no flow and the model results are often not very accurate
near the boundaries. However, knowing that the parent model is more accurate away from the
boundaries, we can use smaller, nested “child” models to get more details (model resolution) in the areas
of interest, using the flow information from the parent model to assign boundary conditions to the child
model. The procedure to do this is presented in this Section.

Begin by going to Zones and then Zone as shown in Figure 29. Then construct a rectangular area such as
shown in Figure 30. The ZoneRect drawing tool functions like the DomainRect tool discussed in Section 3,
i.e., you use mouse clicks to define the shape and size of the rectangle. Click ‘SaveShape’ to finalize the
geometry; this action automatically launches the Zone Attributes menu shown in Figure 30.

(NOTE: the submodel boundary is this example is relatively close to the left (western) boundary of the
parent model, which we typically try to avoid; however, in this case, the western boundary corresponds
with a large surface water body that is a dominant surface seep, making the model more accurate than in
the case of no surface water body corresponding with the boundary).

In the default tab (Flow Property), there is a box next to “Submodel Domain” under the Zone Types
subsection. Check this box and click ‘Save’ to tell IGW-NET to use the zone as the simulation domain.
However, before the zone will be recognized as the simulation domain, an important distinction must be
made in the Domain Attributes menu: go to Conceptual Model, then Domain Attributes, then access the
Simulation Settings and put a check mark in the box adjacent to Boundary Condition from Parent Model
(Figure 31). To proceed with the nested submodel simulation, click SIMULATE.

(NOTE: It is also possible draw an entirely new model domain using the DrawDomain tools but still use
parent model results to assign boundary conditions in the new, smaller model, but the parent model will
be “lost”. Using a zone feature to represent a nested submodel allows the user to retain the regional
model domain).

A series of three windows are presented in succession as shown below as Figs.Figure 33, Figure 34, and
Figure 35, and you click OK to each. By clicking on the last of the three, the simulation begins.

The submodel solution is presented in Figure 36. If the no-flow boundaries imposed on the “parent” model
were active in the “nested” model, the contours would be orthogonal to the boundaries of the “nested”
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model. But they are not because the nested model uses constant head boundaries derived from the
“parent model”.

DrawDomain
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:
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o
. e
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Figure 29: Sequence of steps to access ability to draw nested model with a Zone feature

38



7

FA8TE o B : Sl B2 < 'L 4]
; averi(1y oV, ne ied 5 0 da B.00 rs) Canverge: 7 r
. AL LS DA ] Rl R
0 J Vi i !’ i i : :
- =i rfe . = Y i‘Ag”’ 3 X
A w1 e A. ¥ . : o A
\ Al y % W
ol / ’ v
Gelr ; A
~ 3 Oy o
% / ," .:4’ A * ) .\".:«_.Wl_l,l
/ ~ R X Gl -t Sjat
. { . w1 x
: T 3 vh gt
= 1 i
i ol
l’.‘ N
‘ Y
> S s aesheffipld
i P~ ST o
: 15 ) SV N
e ‘f B NN y”»"
| A o R
~{ ~Starnard 44 |
*i- 05 -"/““.L; PN
tos G - ’s--.. i ,':“ |
rli tF % WL e (i %
" s, AR
g é - 2 7 |* Wwalden 1
T2k ENA T TR
Wi ,.\ ' e i~ Ganvilla® |c&
toy o i ’ |
bufes: 1y W is . ’.V-\
' ,'4 y ! )
i s N
Qi ]
, THIResBurg” ¥ iuntinaton 3 o
s e, et~ ] -
L ) Lo W 4 . /4 = — /)
= Y A S W (L1 > s

Figure 30: Rectangular "nested" model in area of "Parent" model.

39



)

iSending running status done: State]D=Pause

[ Search @ RRR1AT -77 ORA1AR

Nian Tome [TERRAIN e Zoaom T evel [0 a | GianT sver Name [ | averd

| fenTndex |1

Flow  Elevation Transport Biochemical Sourcesand Sinks Sources and Sinks Copy Delete- b4 AL 2 A / "ﬂ
Property Property Head Dependent Prescribed This Zone This Zone i JfS_h_e\dun :; 311 “ 4 ?'_?;
{77 ke BT
\ g ‘.
Flow properties - ¢l gt —
w . BB = ).
|DrawDomain Hydraulic Conductivity n . J | ol b i a ‘. §
e l s~
o p— ) Random [ Edi N ol I
d ® Gonstant: [ 22.86 miday v Seed: 318303
i O scattered Paints LabmdaX: 20
f;'_ O Borehole Simulation LabmdaY: 20
|:| Kxxw/Kyy: I:I Variance: |0.1 m2 v
5| Do
[ Llayer ]
o
.
@® Constant:[0.1
i B Specific Yield | O scattered Points
E_j g @ constant: |0.00001
SINLIENS " i [ Specific Storage | O Scatiered Points
ParticleTK.
T
Backward Fi @ Constan
— ] [ Effective Porosity O scattered Points
— Eor
' sy
Zone T}'pe:| O inactive @ active O PoiygonOnly | Zone Name:| GMPolygon_0 | i TJ (Rt o) i “ £
b 1 04 § Sl
[__Analysis n: [ Zone Budget [ Submodel Domain [ Zone Boundary Inciuded i “Hlﬁﬁu‘n‘]‘* N s el e S
4 g | b St '
4 Save Cancel e ; —
Calibration E j E j PP o) ] e L = e
S LA AR (e 4 B LA L300 pa NVl e -

Figure 31: Assigning a Zone feature as the Submodel Domain for subsequent simulations.

40



[ Search ] E R7RI1A 77 O73TTA Mfan Tame [ TERRAIN _ se [Zoom T avel [10 s | fanl sver Name- | s | GanTndey- [1

Aquifer Attributes Smﬂmm Display Settings Miscellaneous )4
S —— Simulation Settings
DrawDomain
Grid NX ;40 | [ Solver Options | =k

Wells

Lines

|:| Number of SubLayers=|1 Particle Tracking Continucus Pathlines
h

4 DWater Table as TOp Particle Size : pixel

Zones Min Aquifer Thickness : % of max thickness Number Gols of Paricle in 2 Zone °

Min Sub Layer Thickness - o of max r\ertical Settings for Particle Zone —
Layer 3 thickness ®) 3D marix atZ
SaveShape 2l O 3D matrc
J O || oo
- 0.0
. ST_:artData:|2U2D [[8 19 |EHdo | Density actord 1.0
- Time St':p :|365 |day vl Z location—-1: AQ top; 0 AQ bot

SIMULATE Simulation Length : [73000 [day +

e ) & Initial & Boundary Condition for Head A Setings b Parn Pl
o ? 5 :

Forward P ® 20 mati 05

? T

i | ® Top O Parent OC i

(| Overwrite with Steady State Solution at t=0

Pause

-
f Boundary Condition from Parent Model -
! Use Uploaded File Z location—1: A top; 0: AQ bat

o L mpont | | Particle # Around aWell :[30 |
J e ) S Particle Well Radius:[20  |m_+|

|:| Use Parent Conc as Initial Cone

SaveModel ; @ I TS O Conti
LoadModel ? Cutoff Cone:
m— C s
Resethodel | Save
= n Recharge=0 when K< _ Cancel
2 Treat River as Vertical Flux Only

.

-|+ w
(U &0 vl Gkl 0

(] Tramsimissivity Weighted
Map to nearest node

=

HSA Inc

E

o

Figure 32: Domain Attributes window to specify that boundary conditions will come from the Parent
Model.

41



Parent madel is used to provide boundary condibons for this madel, continue?

ok ] oo

Figure 33: Confirmation prompt associated with “nested” model application.
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Figure 34: Prompt to confirm that you will move on to a new simulation.
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' OK Cancel

Figure 35: Prompt indicating the suggested projection (select OK to use the suggested projection; or
cancel to use your own projection identified in the Domain Attribute menu,
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Figure 36: Solution to problem defined on "nested" model

5.3 Adding Surface-water Bodies as Conceptual Features

Earlier in Section 3.2., we learned how IGW-NET treats the land surface as a drain to account for the aquifer
drainage effects of lakes, rivers/streams, and wetlands/springs. But we may want to treat the lakes
differently, for example: as a source of water to the aquifer. An instance where this would be needed is
when a pumping well is withdrawing groundwater near a stream, inducing water to move from the stream,

into the aquifer system, and ultimately discharging to the well.
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We now are going to add surface water bodies as conceptual features in our submodel, which will come
in two flavors: lakes and similar quiescent bodies of water, and rivers and streams. We discuss them
individually.

5.3.1 Adding a Two-Way Lake

To add a surface water body that has significant areal extent, that is, it cannot be approximated using a
single line, it is necessary to define the location and geometry of this surface-water body. To do this click
on Conceptual Model Tools and then on Zones. Several options will be available (see Figure 37).

DrawDomain

DomainAttr

Wells

Lines

ZoneRect
Li

ZonePoly
Save

| Zone from a File

Zone from a
shapefile

SIM Zone=DM

Parj Paste

(o]}
1 Hide Zones
Bac
ZoneAttr

<

— Help

Figure 37: Window used to select zone.

Now click on ZonePoly. This will provide you with a plus sign as a cursor with which you can draw a polygon.
To draw the polygon, you click on a point on the model that is on the border of the area you wish to
designate as the surface water body. Next move a small distance along the perimeter of the surface water
body and click again. You have now created a polygon with two points. Not very interesting! Continue to
move around the surface water body in small increments, clicking at the end of each increment, until you
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return to the location at which you started. Click once again on the first point you generated. You have
completed the polygon. An example is shown in Figure 38. The area within the polygon is your lake.

To give the lake descriptive parameters, click ‘SaveShape’; alternatively, you can: return to Conceptual
Model and then click Zone, and click on Zone Attr to access the parameter input page. The drop down
menu (Figure 39) reveals that we have only one zone, so we click on that. This spawns a the following
message (Figure 40) to which we respond OK. Along the top of the window there are several options. This
is because this ribbon is used to provide input for six different situations. Each choice can be used to define
properties within your polygon. So, for example, if you wanted to define a different hydraulic conductivity
over a specific region than what occurs elsewhere in the model, you could draw a polygon to define the
area where you want the different hydraulic conductivity and then enter the value for that region. It will
replace the one originally assigned in that region with your value.

However, we are interested in the properties of the lake we have defined. To make changes to the lake
we click Sources and Sinks Head Dependent (Figure 41). In the upper left-hand corner of this figure we see
the notation Two-way Head Dependent. This is the panel we need, but what it means requires a little
explanation. We need to be able to have water either enter or leave the lake depending upon the relative
elevation of the hydraulic head below the lake and the elevation of the lake surface. For example, if there
is a period of drought when the lake level is low so there is a hydraulic head in the aquifer below the lake
that is higher than the water level in the lake, we need to have water move from the groundwater system
to the lake. In other words, at the interface between the stream bottom and the aquifer there would be a
negative gradient from the aquifer to the lake. On the other hand, if there is abundant rainfall and the
river level is higher than that in the aquifer, we would expect water to flow from the river into the aquifer.
This situation where water can either enter or leave is defined as a ‘Two-way Head Dependent’ condition
because water can either enter or leave the lake depending upon hydrologic circumstances.

Returning to the upper left-hand window we see that we have a Lake defined (window adjacent to Name).
The stage is the elevation of the water level in the lake relative to a reference elevation. It can be specified
as a number that is constant in time and space. If this is your choice you click the radio button next to
Const and specify a value. It is often convenient to check the option TopE for the stage where TopE is the
top elevation taken from the map (DEM). If you wanted to modify the choice from the DEM, you can
replace the value in the box adjacent to the TopE notation with a suitable value. For example if you wanted
to have the stage one meter lower than the elevation determined from the DEM, you would replace the
zero with a one. Once the table is filled in, click the little white box to the left of the heading ‘Two-way
Head’ and then click Save.

One sees that there are two other options for how one treats the lake. These choices are variants on the

one we have selected and their specific attributes can be determined by clicking the ? at the end of each
descriptive title.

45



)

iDene: Geo/comp Lyr: 1/ | Flow/Particle Plume elzpsed time: .03/0/0vears

DrawDomain

DomainAttr

Wells

Lines

Zones
Layer

SaveShape

SIMULATE
ParticleTK

Forward

ik

Backward

SaveModel

LoadModel

|

HideOverlay

ResetModel

Utilities

Help

HSA Inc

Search | [44.683294,-73.106933 IMap Type [TERRAIN v [Zoom Level[14 v | GeoLayer Name:[Layer] v |Geolndex: |1 |

i

¥

m—..:[d-

\
\
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Figure 40: Prompt indicating the polygon feature to be edited if you proceed by clicking ‘OK’.
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Figure 41: Option selection for flow from or to a lake.

The next step is to simulate the behavior of our aquifer with the lake included. This is achieved by
clicking the SIMULATE button whereupon the sequence of messages shown in Figure 42 and Figure 43
are encountered. Check OK for each and your simulation will begin. Note that the progress of the
simulation appears at the top of the screen in the message window. In due course the computed head
solution for the entire model is produced and plotted. The specific area of interest to us is shown as
Figure 44.

The specifications provided effectively make the lake a local groundwater source, that is to say that
water flow is out the lake. Flow from the lake to the aquifer would occur if, for example, there was a
significant rainfall event that raised the water level in the lake relative to the hydraulic head in the
aquifer under and around the lake. Note that the contours to the right (east) are higher than those to
the left (west) in both figures. However, if you can imagine being in the center of the lake, you would be
on a hydraulic head ‘hill’ with the hydraulic head surface sloping down to the north and also down to the
south. This observation supports the fact that water is moving from the lake into the aquifer. Had the
lake been receiving groundwater from the aquifer the ‘hill’ would be replaced by a ‘depression’.

Note that a new cross-section (yellow line segments) was drawn in the submodel domain as shown in
Figure 44. As described in Section 4.2, to draw a new cross-section at any time, go to Analysis Tools and
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then click X-Section. After you have finished drawing the cross-section, go to Analysis Tools and click the
Analysis button. From the list of options, click Display Charts. The new cross-section results will be
shown in the Cross Section Diagram and Cross Section Plot charts (see Figure 45). Also note the updated
water balance (amount of water moving into and out of the system) now includes Lake terms to
represent flow to or from the lake (negative flux = groundwater lost to the lake; positive flux = lake
water added to the aquifer).

You are about to RESET the model,continue?

Figure 42: Warning message in preparation for simulation.

PRJ found:NAD_1983 HARN_StatePlane_Vermont_FIPS_4400
ClLick OK to accept this PRJ or Cancel to use the default PRJ.

Figure 43: Second warning message prior to simulation.
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Figure 45: Submodel results, including plan view flow field and velocities; cross-section diagrams/plots,
and an updated water balance chart.

5.3.2 Adding a Two-way Stream

Let us now further extend our modeling capabilities to accommodate a stream or river. The major
conceptual change is that we will now consider the surface water body to be a line rather than an area.

To begin the process click Conceptual Model Tools, then Lines, then DrawLine as shown in Figure 46. Once
you click DrawLine the large plus sign will appear on your model and you can trace the course of your river
(in this case, we will trace the upstream portion of the Lamoille River). The trace of the river will be made
up of connected dots as was the case with the lake boundary. Each click will produce a dot. The end result
appears as in Figure 47. Now click on SaveShape. The Line Attributes window will open as seen in Figure
48. You have some choices here as to how you describe the hydrodynamics of the river aquifer system.
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The simplest is to use the Prescribed Head option and a constant head value. To do this you click the radio
button for Constant and replace the zero value with the river elevation (head) that you wish to assign. A
variant on this is to allow for a variable river stage along the rivers course. To do this you click the radio
button in front of Variable and then click “>>more’. This launches the menu shown in Figure 49. Here you
can specify the river stage as the land surface elevation less a specified value. This allows for the provision
of a river reach that has a sloping surface, which is the realistic option.

The prescribed flux allows for the specification of leakage into and out of the stream directly. The head
dependent flux option is similar to the treatment applied to the lake (see previous subsection), and it is
the treatment we will use now. Choose the radio button next to Two way and then click the >>more button
to open the Edit Polyline Attributes submenu (Figure 50). Again, you can specify the stage as the land
surface elevation less a specified value. Use all defaults options and click ‘OK’ to close the menu (click the
? button to get complete details of this submenu). At the end of the input process click SAVE.

You may decide to modify the attributes of your river or to draw another segment. The procedure for the
case of changing river properties is presented in Figure 51. You begin by clicking on Conceptual Model
Tools, than on Lines, then LineAttr. At this point you see the window presented as Figure 73. Note that the
option of Line Attr is no longer available, but has changed to AcceptEdit.

Let us repeat the process for the downstream segment Lamoille River: trace the river section using the

DrawLine tool and treat it as a two-way head dependent boundary condition as described above. The
resulting line feature is shown in Figure 53.
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Figure 46: The sequence of click to initiate drawing the trace of the river on your model. The process
is to click Conceptual Model Tools, then Lines, then DrawLine.
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Figure 48: Trace of river constructed through clicking the mouse at each dot location.
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Edit Polyline Attributes

Save and Exit Cancel and Exit
[v| Head = TopE minus [0 m -
Change All Head to this value 0.0  |m ~| Apply

VertexID|  Lon(degree) Lat(degree)  |Head(m)
-73.02277920562145/44.44766491163762 "0
73.0227792056214544.4574678812894 |0
-73.02895901519176 44.468249247367645”0
-73.0474984439027 ||44.47216925047431 6"0
-73.04818508941051(44.47706888411 9284"0
-73.05711148101207 |44.47412915329747 |0
-73.0626046450745744.4790286223917 ”0
72 N7TNRAARQT1ARRDIAA ATOR1RRARRTRA lln ~

NG| W N -

~
v

Figure 49: Input window for allowing for a variable stage along the length of a river.
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1 |[-73.03607683744296[44.66315479624214][0 5 30 s
2 |[-73.03384523054257|[44.66480461589259](0 |E 30

Figure 50: Edit Polyline Attributes menu for two-way head dependent flux treatment of a line feature.
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Figure 52: Panel provided for selection of line of interest in the event there are multiple lines.
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Figure 53: Line features added to the submodel to represent the upstream and downstream portions of the Lamoille River.

We are now ready to simulate our system and we go to Simulation Tools and then SIMULATE. Then we
are greeted with the “projection system message”, and upon clicking OK yields the solution provided as
Figure 54. Again, show the results in “chart view” by navigating to Analysis Tools, Analysis, then Display
Charts. Figure 54 shows the flow field we have obtained using all the various conditions described to this
point which now includes the river. Also note that new ‘Stream’ terms were added to the aquifer water
balance. Apparently, under this model representation and grid resolution, the Lamoille River is serving
primarily as a source of water to the aquifer, although in some areas groundwater is clearly converging

to the river.
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Figure 54: Submodel results including the lake and stream features added to the model.

5.4 Adding Wells

Let us now look at the impact of introducing a pumping or injection well into the simulation. This requires
modeling with higher resolution (more details), which can be done by modeling a smaller area, or by
increasing the number of grid cells of the simulation “mesh” as was explained in Section 5.1. We will adjust
the size and location of the zone being used to define the submodel domain. Go to Other Tools, then
Utilities, then Geometry unlocked’ to show the vertices (nodes) of the submodel zone (it may not be
necessary if the zone is already unlocked). Click-drag on any of the nodes to adjust the submodel domain
to cover the small populated area south of the lake (see Figure 55). We will add a water supply well
(pumping well) near the center of model.

To add a well to the model you click Conceptual Model Tools and then Wells. The following window will

appear (Figure 56). Now click Draw Wells. A plus sign will appear that you can move with your mouse.
Move the plus sign to the location where you wish to locate a well and click your mouse. The following

60



window will appear (Figure 57). The inset window is the information pertinent to the well you just located.
You can now change the pumping rate from 0 to the value appropriate for this well in your model. There
are several options but the one that you may need later is the specification of a particle. Later we will be
using tracer particles to establish where groundwater flow in the model. Note that this is also where you
can delete a well.

You are now ready to simulate the impact of a well in the area you have selected for your model. The
same process you used earlier to simulate the behavior of the hydraulic head is repeated. If you click on
SIMULATE under Simulation Tools you will see prompts regarding resetting the model and the model
projection (accept to proceed). The resulting flow field is shown in Figure 58. One can see the local
convergence of groundwater and a head depression near the well in response to the pumping. If you
examine the water balance, you will see that the well discharge is small compared to the other sources
and sinks of water (recharge, flow in/out of the model boundary, and surface seepage).
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Figure 55: New submodel domain for a small populated area south of the lake near Milton.

61



Domaine|

DrawDomai;h
DomainAttr |

- DrawWell

L
‘-Z Wells from a

( ]
— shapefile ”

‘nburg

- Hide Wells

Figure 56: Opening Conceptual Model Tools to select a well location.

WellInput Options
Well ID:| GM_Well_1_Lyr_1 |

Lat[44.620237 |Degree Lon:[-73.126103 | Degree
Pumping Rate: | -1500.000002:.| GPM v | [ ]| Transient |

Screen Top: | null I m v
Screen Bot: lnull | m v |

Conc{0 [ppm v| [J| Transient |
D Monitoring Well

(]| Observation H | []| Observation C |
D Add Particle D Monitoring Probability
[ sw pouring Point

| OK || Cancel || Delete This Well |

Figure 57: Pop up window generated upon selecting a well location. You use a negative number you are
introducing a withdrawal well and if you use a positive number you are emplacing a recharge well. Type
in a value and when done, click OK.
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Figure 58: Simulated submodel results with the pumping (extraction) well turned on.

5.4.1 Delineating a Wellhead Protection Area (Source Water Area)

When a well is used for drinking water supply (or even irrigation water), it is often necessary to delineate
a wellhead protection area, or the source water area contributing to the well, so that potential sources of
contamination up-gradient from the well can be identified and mitigated/eliminated.

In IGW-NET, we can delineate a wellhead protection area by adding particles to a well and trace backwards
from the well the flow pathlines. In section 4.2, we learned how to add particles along a line drawn in the
model domain. The process for adding particles to wells is much easier. Simply click on the well marker
(yellow “pushpin”) to open the Well Inputs Options menu. Find the box next to Add Particle and check it
(see Figure 59). Then click OK. Particles will be placed around the well at the onset of the next simulation
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Click SIMULATE and proceed through (click OK) the familiar prompts regarding resetting the model,
obtaining boundary conditions from the parent model, and using the identified projection system. Then
you will see the prompt regarding forward versus backward tracking that we saw before (shown again in
Figure 60). Click cancel to perform backward particle tracking.

When the groundwater model is finished running, particles will begin emanating backward from the well
along the solved flow field. The “envelope” of particle pathlines gives an estimate of the groundwater
source water area for a given period of time. The particle envelope will continue extending back along
the flow field until the simulation period is over or the particles reach a boundary (see Figure 61).

We will next explore how particles can be used to model transport of chemicals.

Once the particle tracking is completed, open up the Well Input Options menu once again, and uncheck
the Add Particle box to remove particles from the well location. Click OK.

Wil 15[ GM_Wedl_1_Lyr 1 |

Lat: | 44820237 Degree Lon:[-73.126103 Degree
Pumping Rate |-B 17648085 I m3iday W I:I Transient
Screen Top: | null I mo W |
Screen Bot: (null I'TI W
Canc:|0 ppm W |:|| Transient
I:I Muonitaring Wl
|:|| Observation H | |:|| Observation C |
Add Particle I:I Monitoring Probabdity
I:I SW Pouring Paoint

| Ok || Cance || Delete This We |

Figure 59: Well Input Options chart, with the ‘Add Paticle’ box checked so particles will be placed around
the well at the onset of the next simulation.

www.magnetdwater.com says

There are particles in your model, Click "OK’ to do forward tracking,

‘Cancel' to do backward tracking.

Figure 60: Prompt regarding whether to perform forward or backward particle tracking. For wellhead
protection area delineation, we should use backward tracking (click Cancel).
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Figure 61: Well source water area as estimated from backward particle tracking. Note that the conceptual
well feature (yellow marker) is slightly offset from the numerical well location, which is located at the

nearest model node to the conceptual well feature. You can increase the grid size (NX) to
reduce/eliminate the offset.
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6 Modeling Transport

6.1 Estimating Potential Impact Areas with Forward Tracing Particles

There are several factors that can affect movement of a contaminant. This includes mechanical dispersion
and molecular diffusion, reactive decay of the chemical and sorption interactions with soils and sediments
(partitioning). But one thing that is always important (and is often the dominant factor) is the movement
of the contaminant due to the flow of groundwater — or advective transport. We learned early in Section
4 how to use particle tracking to visualize groundwater pathline, which is the trajectory that individual
fluid particles follow in a steady-state flow field So, if you want to see where a contaminant has gone
over a period of time, particle tracking is a useful tool.

In Section 4.2.3, we learned how to access the Particle Tracking placement tools by going to Simulation
Tools and clicking the ParticleTK button. Now, we will select the ParticleRect option so that we can place
a particle rectangle at the location of a hypothetical source of contamination. Add a rectangle over the
Vermont Car Care business (as a hypothetical source of groundwater contamination) in the same manner
you would add a rectangular zone: use a single-click to indicate the position of one corner of the rectangle,
and another to indicate the position of the corner that is diagonal from the first placed corner (see Figure
62).

Click SIMULATE after the rectangle is added to re-submit the model for solving. The usual prompts
regarding resetting the model and the model projection system will appear; but you will also see a prompt
related to performing forward or backward tracking of the particles along the steady flow field 9see Figure
63). We wish to do forward tracking, i.e. determine where contaminants at the specified particle locations
will go, so click OK.

When the new model results appear, particles pathlines will begin emanating from the “contamination

site” and will flow along the simulated flow field based on computed velocity vectors, over time tracing
out the “envelope” of the potential area of impact downgradient from the site (see Figure 64).
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Figure 62: A rectangular particle zone added to the submodel.

There are particles in your model, Click 'OK' to do forward tracking, 'Cancel' to do backward tracking.

Figure 63: Prompt regarding whether to perform forward particle tracking or backward particle tracking
(click OK to choose forward).
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Figure 64: Forward tracking of particles using the simulated velocity field (pumping well ON).

6.2 Identifying Potential Sources with Backward Tracing of Particles

Particle tracking can also be useful for identifying potential sources of known groundwater contamination.
The idea is to add particles at the location of interest, track the particles backward along the flow field,
and compare the pathline envelope to possible surface or subsurface sources of contamination.

The process for computing and visualizing particle pathlines is the same as described above: add particles

using the ParticleTK button options, and click Simulate. But now select Cancel to the prompt regarding
forward verses backward particle tracking so that IGW-NET applies backward tracking.
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6.3 Predicting Chemical Concentrations

We will now use IGW-NET’s transport analysis tools to simulate the concentration distribution of dissolved
species (chemicals) originating at the hypothetical site used in Section.

6.2.1 Assigning Sources

A chemical source can be assigned in a number of ways, for example: as a zone representing a continuous
source or a instantaneous source (all mass added “at once”); from an injection well, from a head-
dependent source/sink (e.g., a polluted lake or drain), from the surface with a prescribed rate of
infiltration (recharge). We will add a zone feature and assign it as a surface source with an infiltration rate
of 4 inch/year and a source concentration of 2000 ppm.

To do this, we go to Conceptual Models, then Zones, and then click the ZoneRec. Draw a rectangular zone
in the same location as the particle zone that was used in the last simulation. Click ‘SaveShape’ to open
the Zone Attributes menu for the newly added zone, and navigate to the Sources and Sinks Prescribed tab
(see Figure 66). Check the box next to ‘Recharge — Quantity and Quality’, and enter a value of 4 in the text
field next to ‘Constant’. This is the prescribed rate of infiltration (units: inch/year). In the text field next to
‘Conc’, enter a value of 2000 (units: ppm). This is the source concentration. Note that it does not change
with time, although it is possible to make the source concentration vary with time, or the contaminant
can be released at once as an ‘impulse’.

6.2.2 Assigning Dispersive Properties

As we discussed earlier, transport of a contaminant is controlled by advection, but also is impacted by
mechanical dispersion and/or molecular diffusion. In some cases, biogeochemical processes might be
important, for example, reactive decay or sorption to soils and other solids.

In IGW-NET, you can assign dispersity and diffusion coefficients or biogeochemical properties within the
Aquifer Attributes tab of the Domain Attributes menu (Conceptual Model Tools, then DomainAttr). (Note:
you can also specify these parameters using zone features, but the applied properties only apply with that
zone.)

We will assign longitudinal (i.e., along the pathline of the fluid flow) dispersivity coefficient of 7m in this
example (see Figure 65 (longitudinal dispersivity coefficient typically can vary from 5 to 100m). Dispersion
acts to dilute solutes its groundwater and lower their concentrations and is a result of mixing of
contaminated fluid with uncontaminated fluid in the porous media.
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Click Save to close the Domain Attributes menu and preserve the changes.
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Figure 65: Using the Domain Attributes menu (Aquifer Attributes tab) for assigning a longitudinal
dispersivity coefficient
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6.2.3 Simulating and Visualizing Transport

Next, we want to delete the particle zone now that we have added a chemical source. To do this, click on
Simulation Tools, then click Particles, then click DeleteParticle. This removes any particle features included
in the model domain, including the particle rectangle. Note that the pathlines will not be removed until a
new simulation is returned to the map display.

We will want to visualize the plume in both plan view and cross-section view when we re-submit for
simulation. Use the X-section tool under Analysis Tools to draw a new cross-section through the center of
the “potential impact area” determined from particle tracking (see Figure 67).

Now we are ready to submit the model for flow and transport simulation (click SIMULATE). Again, the
flow field is steady (does not change with time), but the contamination plume will evolve over the course
of the simulation and the results are shown in the map display Figure 68. We can see significant spreading
of the plume, caused by the use applying longitudinal dispersion and by the relatively coarse grid size
(NX=40) that causes “numerical dispersion” or artificial spreading when numerically solving the transport
equations.

The cross-section diagram (accessed under Analysis Tools, Analysis, then Display Charts) shows a plume
that is vertically-mixed, as we expect given that we are simulated 2D groundwater flow in this example
(i.e., no resolution of vertical details). In the next section, we will learn how to resolve vertical details by
adding more layers to the model.
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Figure 66: Source of dissolved species assigned in the Prescribed Sources and Sinks tab of the Zone

Attributes menu.
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Figure 68: Snapshot of simulated transport results (plan view and cross section view).

7  Adding Vertical Layers to the Model

While a two dimensional model such as we used earlier is typical of those used in most applications, the
use of such a model implies that the geological materials do not vary significantly with depth and that
there is not a significant vertical gradient in the hydraulic head. We also saw the need to resolve vertical
details of contaminant transport which cannot be done with a 2D model. When we need more vertical
details, it is necessary to add layers to the model. Think of each layer as a layer of a layer cake. Up until
now we have had just one layer for our layer cake. Multiple layers can be used to represent the vertical
components of the hydraulic head or to more faithfully represent a vertically varying or layered geology.
There are two types of layers in IGW-NET: computational layers and geological layers. Computational layers
are used to sub-divide a single geological unit into more than one “grid layer”. Geological layers are used
to differentiate units with substantially different geologic characteristics (e.g., aquifer vs. aquitard).

One way to think about the difference between computational layers and geological layers is to imagine

a Rubix cube with the following characteristics. Imagine the Rubix cube is made from six square layers
stacked on upon the other, each containing 36 small cubes. In total we have 6x6x6 = 216 little cubes.
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Now further imagine that the first and second layers are red, the middle two layers are blue and the
bottom two layers are yellow. In IGW-NET the three sets of colored layers, each having a thickness of two
layers of the same color, would represent geological materials, perhaps the red could be sand, the blue
clay and the yellow gravel. In this scenario each geologic layer would be represented by two layers of 36
small cubes.

Now consider the six layers, independent of their color. These six layers are the computational layers and
exist only to allow for a more accurate representation of flow behavior in the vertical direction. The more
layers, the more accuracy in the simulated results, but the more computational work that is required to
solve the system of equations. For example, in the one layer case we would have 72 equations to solve
and in the six layer case 216 equations.

7.1 Adding Computational Layers

Now, to access the multiple layers option (that is, the ability to define the number of computational layers
for a given geological layer), click on the Simulation Tools tab, then the Simulation Settings tab at the top
of the screen. This then reveals the Simulation Settings window shown in Figure 69. Now click the box to
the left of Number of SublLayers and put in the box to the right of Number of Sublayers the number of
layers of interest.

You should also check the box next to ‘Water Table as Top’. This tells IGW-NET to subdivide the aquifer
following the simulated water table of your last model submitted to the IGW-NET server (you can also
upload a saved model result). It is good practice to first simulate the 2D water table, then add
computational layers and sub-divide following the 2D water table.

Click SIMULATE to solve the new model with multiple computational layers. When you view the results in
the cross-section diagram, you will see that the chemical source is being now added to the top of the
aquifer or 1%t computational layer (see Figure 70). You will also see the different computational layers as
yellow dotted lines.
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Figure 69: Window used to add computational layers to the model.
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Figure 70: Simulated flow field and contaminant transport with five computational layers.

7.2 Adding a Geologic Layer

As noted, we have two kinds of layers and each has its own protocol for being added to the model. We
will now add a geologic layer to the default condition of only one layer. To add a geologic layer we go to
Conceptual Model tools, then Layers, and then Add a New Layer. Clicking Add a New Layer adds the layer
we are seeking. It is added to the bottom of the model and has the same spatial extent as the top layer of
the model. However, this layer can have a unique set of physical attributes such as hydraulic conductivity.
Note that, if you make geometric changes to the top layer, such as its geometry, all layers below it are
appropriately adjusted.

Figure 71 shows the modeling environment after you have added a layer to the model. Clicking on the ‘v’
to the right of the word Layer in the Geolayer Name box reveals all the currently existing layers and if you
click one of the other layers the information on the screen relates to that layer.

You can delete any layer by going to Conceptual Model Tools, then Layer, then click Delete Current Layer.
You can add a third layer (Layer 3) and then delete it using this approach (see Figure 72).
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We now need to set the attributes for Layer 2. Change to Layer 2 using the drop-down menu mentioned
above, and then click Conceptual Model Tools, then DomainAttr. This opens the Domain Attributes menu
for Layer 2 (see Figure 73). Reduce the hydraulic to 2 m/day and see the aquifer thickness to be 10m
(33ft). Note that you can navigate between layers from within the Domain Attributes menu (Aquifer
Attributes tab) by using the drop-down menu called Geolayer near the top.

We next need to add the submodel zone to both layers to be able to properly simulate the 2-layer
submodel. This is done by “copying and pasting” the zone from Layer 1 to Layer 2. Begin by navigating to
Layer 1 and then accessing the Zone Attributes menu. You can access this menu through the ZoneAttr
button (Conceptual Model Tools, then Zones, then ZoneAttr - Figure 74 ), as we discussed in section 5.3.
Or, you can go to Utilities, then Unlock Geometry, and then click inside of the submodel zone in the map
display.

Once you access the Zone Attributes menu for the submodel zone, find the ‘Copy this Zone’ option along
the top menu ribbon/tabs. Click it to tell IGW-NET to copy the zone to the IGW-NET “memory” (or clipboard)
(see Figure 75). Now change to the 2"? layer of your model so you can “paste” the zone feature. To do
this, click Conceptual Model Tools, then Zones, then Paste (see Figure 76). A prompt will appear telling
you that only the geometry will be copied (no attributes) - click OK (Figure 77). The Zone Attributes menu
will appear for the new zone added to the 2" Layer (Figure 78); make sure to check the box next to
‘Submodel Domain’ and then click Save.

Click SIMULATE to solve the new, 2-layer groundwater flow and transport model, clicking through the
usual set of prompts so that the simulation moves forward. We can view the plan-view results in each
layer by switching back and forth using the drop-down menu at the top of the mapping/modeling
environment. If we view the results in cross-section view, we can clearly see a 2" layer add to the model
and the difference in groundwater velocities between the two layers (see Figure 79).
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Figure 73: Aquifer Attributes geologic Layer2.
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8 Modeling Unsteady Flow

Figure 79: Simulation results for the 2-layer model.

To this point we have assumed that our flow model is time-independent. (NOTE: while we have modeling
the evolution of particles paths or dissolved species distributions, the flow field was steady, i.e., not

changing with time.)
In this Section we introduce the concept of transient groundwater flow behavior. In other words, we will

not assume the system is at steady state, but rather allow it to evolve through time from one state to
another. To do this requires we define a new physical parameter that accommodates the elasticity of the

aquifer (see Section 3.2).
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To indicate that we are performing a transient analysis we open the Default Parameters and Options
menu. To get there you click Conceptual Model Tools, then Domain Attributes. Note that in the bar at the
top of this window there is a Simulations Settings option that you must activate by clicking it. This action
will yield the window shown in Figure 80. In the middle column, about half-way down the page, there is a
Modeling Transient Flow option and to the left of this heading there is a small box that needs to be checked
for transient flow to occur.

Note that you should NOT enable this feature when performing particle tracking / contaminant transport
on a steady flow field. You may still adjust the time-step for particle tracking / transport if the "box" next
to Modeling Transient Flow is unchecked.

85



Aquifer Attributes Simulation Settings Display Settings Miscellaneous X

Simulation Settings

Grid NX :[40 | [ Solver Options | [ Farticle Tracking

[] Number of SubLayers=|5 Parficle Tracking Continuous Pathlines
D'Water Table as Top Particle Size : _ pixel

Min Aquifer Thickness - %o of max thickness Mumber Cols of Paricle in a Zone :

Min Sub Layer Thickness : % of max - Vertical Settings for Particle Zone

thickness ®) 20 mais ot z

Modeling Transient Flow
Start Date{2020 |[8  |[19  |Hd0 |
iz SteP : | 365 | dEy‘ hd | Z location-—-1: AQ top; 0: AQ bot

Simulation Length : (73000 day
Initial & Boundary Condition for Head [rEElEE TR A e A
®@wmamazf05 |

O Top @ Parent O C 1000 m v () 3D matrix
[ Use Uploaded File | -
[] ILmport | | zbot< 0.0

[ Overwrite with Steady State Solution at t=0 e ' °

—

Z location--1: AQ top; 0: AQ bot

Boundary Condition from Parent Model e T
Use Uploaded File

Particle Well Radius - |20
0] Impon | |

Initial Condition for Concentration
D Use Parent Conc as Initial Cone
@ Instantaneous (O Continuous

Cutot Conc (s pom ]

BTN :
Save

Recharze=0 whenK<=0  |m/day v|

Treat River as Vertical Flux Only [ Cancel |
Well Scheme ﬂ

Figure 80: Window for enabling unsteady flow modeling, and using the previous (parent) steady model
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8.1 Simulation Time Settings

In the Modeling Transient Flow section of the Simulation Settings menu, you will see fields for inputting
the simulation start date and time (hour of the day), the simulation time-step, and the simulation length.
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You can use theses texts boxes next to ‘State Date’ (year, month, day), ‘Hr’ (hours), ‘Time Step:’ (days),
and ‘Simulation Length’ (days) to define user inputs, but for this example we will use the default inputs.

Note that the maximum number of time steps for the student version is 300. If you increase the simulation
length, you will need to increase the time-step to ensure that your simulation reaches the end. If you
decrease the simulation length, you can consider reducing the time-step to get more temporal resolution.

8.2 Initial Condition

To simulate a transient problem you need initial conditions (in addition to the boundary conditions you
normally need to provide for a steady-state model). Initial conditions are the conditions in the aquifer at
the time from which you wish to simulate behavior into the future. In our example we will take the steady-
state solution we have just generated as our initial conditions, so we select ‘Parent’ from the set of options
under the Initial and Boundary Conditions for Head section of the Aquifer Attributes submenu (see Figure
80). You could also use the aquifer Top elevation as the initial condition (e.g., corresponding to the
inundated or flooded conditions) or a constant elevation. Finally, if you did not just previously execute
the steady-state model, you can tell IGW-NET to first solve the steady-state solution and then use that as
the initial condition.

8.3 Time-Varying Stress

Since this is a steady-state solution we must change something in the system to make its behavior into
the future different than what it has been in the past. The change we will make is introduce time-varying
pumping rates to the well that we introduced in Section 5.4.

To do this, click on the yellow pin/marker representing the well in the map display. In the Well Input
Options menu that appears, check the box next to Transient next to pumping rate (see Figure 81). Then
click the Transient button to open the Transient Data Input submenu for the well (see Figure 81). The
starting date should correspond to the starting date set in the Simulation Settings described above. Then
we can enter time-varying pumping rate data into the provided table, where each line is a (time, rate) data
pair, where time is measured as the number of days since the starting date, and rate is the pumping rate
in cubic meters per day (if you use different units for pumping rate, you can use the mulitpler to m3/day
text field to convert to m3/day). A pumping rate assigned at a particular day will be used until the pumping
rate changes at a later specified time. When you are finished entering the pumping data, click OK to close
the submenu, then click OK to close the Well Input Options menu.
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8.4 Presentation of Transient Results

We are now ready to simulate in transient mode. Clicking on SIMULATE vyields the familiar warning
prompts; click OK and you will initiate the calculation. As the simulation is running, at the top of the plot
you will see the elapsed simulated time (real elapsed time, not computer simulation time) and you can
see the plot changing in response to the time-varying pumping rates (see Figure 83). Note how the contour
lines around the well change in response to the time-varying pumping rates. In some cases, it might be
difficult to notice the changes because the simulation takes place rather quickly on the computer so the
results at different timesteps may pass quickly. In addition, the results may not change much over each
time step, so the outputs for different time steps may seem pretty much the same.

Just like steady-state simulations, it is possible to view the results in Chart view by clicking Analysis Tools,
Analysis, then Display Charts. The familiar graphics will appear, but we will notice that some of the charts
update as the simulation proceeds forward. For example, the mass balance chart will appear different at
different time steps because of the time-varying pumping rates. If a monitoring well has been added to
the model (see Section 5.4) a time-series head and/or concentration plot will be updated as the simulation
proceeds.

At any point, you can pause the simulation by clicking Pause under Simulation Tools. You can perform
further analysis (e.g. draw a new cross-section), but when you are ready to proceed forward with the
simulation, click Forward under Simulation Tools.

In some instances, we may be interested in the model results for a particular time-step. Or we have a
simulation that takes a long-time to re-execute, but we want to display the previously solved results
without waiting for another round of simulation. For these situations, we can use the IGW-NET Post
Analysis Tool, which is discussed in the next section.
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Figure 81: Enabling time-varying pumping/injection rates.
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Figure 82: Assigning a transient pumping stress to the model.
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9 Additional Visualization Features

9.1 Post Analysis Tool

The Post Analysis tool allows us to examine the results of a previously executed simulation (steady or
unsteady; just flow or flow and transport, etc.) without having to re-run the model. This is especially useful
for simulations that take a long time to run.

To access the Post Analysis tool, go to Analysis Tools, then Analysis, then Post Analysis (Figure 84). A
warning window prompt will appear; click OK. You now see a window that provides an option as to the
model results you wish to use. We will choose Current or Last Model (see Figure 85) to examine the
transient model from Section 8.Click APPLY and a warning window regarding clearing the current model
comes up and you click OK.

The window you see in Figure 86 comes up and you will find that if you click the chevron next to View
Result at Time Stamp it will reveal where it is now possible to select from the drop down menu the

simulated results for the time step of interest. After clicking APPLY you will be greeted by the warning (if
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you select other than the last time step). Now Figure 87 will appear. If we select another time-step, again
click Apply and wait, we will see updated results in the map display (Figure 88).

The Post Analysis tool can also be used to: save the water table for a particular time-step; save the water
table along a cross-section for one or more time-steps; compare the transient model results to temporal

static water level data (calibration); or extract head and/or concentration time-series results from a
monitoring well.

/')
: Display Chart /

Nodal Valuez
Cali '

Post Analysis

I'l")

Help i

Figure 84: Accessing the Post Analysis tool.
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Figure 85: Selection of model results for presentation of transient results.
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Figure 87: Plan-view results of transient simulation at time t=0 days
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Figure 88: Plan-view results of transient simulation at time t=1825 days (5 years).

9.2 Map Display Options

IGW-NET has many options for visualizing computed results, especially the plan view results shown in the
map display. We have seen the contouring option with superposed velocity vectors. In this section we
will explore a few other possibilities. To access the control panel for selecting visualization options you
go to DomainAtt and then select Display Settings. The control panel will appear as shown in Figure 89.

The primary change you might make here is to the Data Limits of the Head Draw Options. The Max will
be the highest observable contour and Min will be the smallest. Changes to the Velocity Draw Options

could also be of interest. Clicking the box next to Head Legend will add a head legend when you click the
SAVE button.

Next click on the Contour and Vectors button (the little v to the right of this window). Select the
particular option that best fits your needs. When finished click on the SAVE button. The message
presented in Figure 90 appears. Click OK to continue. Next we add color to the plot and get Figure 91 .
One aspect of this choice is that we lose the geographical map features. But we can return to the Display
Settings menu and change the Overlay Transparency (top-right portion of the menu) to a value larger
than O (up to 100 percent transparency). Or we can temporarily hide the output overlay by clicking Other
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Tools, then HideOverlay. To toggle back to having the model output shown, click the ShowOverlay
button that now occupies the spave the HideOverlay button once did (and so on and so forth).
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Figure 89: Updated plan view display to show head in color map and to add a head legend.

Redrawing results form a steady-state model may take time, please wait for a few seconds.

Figure 90: Warning message regarding the calculations required to prepare your plot.
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Figure 91: Updated plan view results with a head color legend.

10 Growing with IGW-NET

We have now covered many of the steps for setting up a basic model using default settings and values
and modeling more details in an “incremental” manner. Many of the steps along the way can be altered
or customized using the different options available or by using the Data Center data or user data as inputs.
This manual is not meant to be all-encompassing or completely exhaustive of the complete capabilities of
IGW-NET; in fact, IGW-NET’s capabilities and functionalities are constantly expanding and improving, so a
manual of that nature would become quickly outdate. However, this document should give you an
excellent foundation to become more and more experienced as a IGW-NET user.

So how can you “grow with IGW-NET” after completing this document, you might ask. There are many
resources available.

10.1 Situational Help Pages
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As previously mentioned in Section 3.2, for all menus and input options, there are ? buttons that launch
situational help pages for the particular input/option/setting you are trying to use. This includes
information how “What is it” and “How to use it”, among other items. You will notice that many of the
buttons underneath the main list boxes (Conceptual Model Tools, Simulation Tools, etc.) which launch
submenus (e.g., Zones, or Lines) have an option called Help. Clicking on these Help options will launch a
Real-time Help Page with instructions for how to use the menu / button palette.

10.2 Main Menu Help Pages

Beneath the Other Tools list box in the IGW-NET modeling environment is a button called Help (see Figure
92). This provides access to the Quick Helper menu (the window found when first loading the platform
page, used by first-time users) and My Account, which we discussed in Section 2.

10.2.1 My Account Page

When you successfully log into My Account, you will see the same fields for editing that were included in
the Hydrosimulatics Sign Up Form (Section 2), but also additional features related to user accounts. In the
bottom-left, information related to the Account Type, the date the account was created, and the starting
and end dates for premium subscriptions (unlimited grid/computational settings) . Users may also directly
view messages sent to their account emails and view recent activity by using the hovering over and clicking
the ‘View Message’ or ‘View Activity Report’ hyperlinks just above the Account Type information (see
Figure 93).

If the ‘View Activity Report’ option is selected, the user must specify a date (year, month, day) from which
to extract an activity report, then click ‘Apply’. The report file will be outputted to the text box just below.
If the ‘Click Available Download List’ option is selected, four clickable icons will appear.

e Clicking ‘IGW2D’ allows users to download/run the free-to-use IGW2D.exe application file on the
local desktop.

e Clicking ‘Latest Plane View Image (PRJ)’ downloads/opens a *.bmp image file of the latest model
results (plan view display of head contours, velocity vectors, particle pathlines, etc.).

e Clicking ‘Latest Model Results Files (txt)’ downloads/opens a IGW-NET model result file which
includes the model structure (number of cells, cell size, etc.) and model outputs for each cell (cell
index, head, conductivity, bottom and top aquifer elevation). See Figure 1 8 for an example.

e Clicking ‘Latest Model Result Files (Binary)’ downloads a *.bin binary file containing model results
from the last time-step (or steady-state results), specifically, the 2D or 3D head distribution and
solute concentration distributions. This *.bin file can be uploaded to IGW-NET to provide
initial/boundary conditions for a new model as described Section 3.6 (feature coming soon).

97



Figure 92: Main Menu Help Page buttons.
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Additional Information
Last Nano: NN
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Subscription Days Left 14810
Active Account

Figure 93: Accessing the Message Box, Activity Report and Available Download List under My Account.

10.2.2 Bug Reporting / Commenting

Click the Bug Reports and Comments link shown in Figure 92 to open MAGNET Model Network page in a
new browser tab (see Figure 94). The map shows the current set of published MAGNET models as markers
or “push-pins”. Clicking on a marker opens a small window where more details about the model area
available.

At the bottom of the Model Network page is a Comment box where you can post comments or report

“bugs” (technical issues). You can view previous comments from a particular year and day using the text
fields and View Previous Comments button that is provided.
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Move your cursor over a marker to view the model name.
Or search a model note and select a model here [Enter mocel name | Search |
Click a marker to open an individual model information window.
To view a selected model result and comment, please click the image in the model information window.
To load and run a selected model please click the link: ‘Load Model to IGW Magnet' in the the model information window.

Conceptual Model Download: 305 Model Image Download: 35 Model Video Download: 2
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© Powered by HydroSimulAtics 2018 Last Updated: 11/19/2018
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Figure 94: Model Network page, where you can report bugs or make other comments about the platform
or specific published models.

10.2.3 Live Chat
Also seen in Main Menu Help Page is a link to MAGNET’s Live Chat support page. This page can also be

accessed through the magnet4water.net home page by navigating to the Support tab and clicking Live
Chat (see Figure 95). The resulting subpage is shown in Figure 96. Click Go To Live Chat to initiate a session.
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A representative will be alerted via email of your new Live Chat session and will join you as soon as
possible.

gff) HOME | PLATFORM | NETWORK | CURRICULUM | CASE STUDIES | VISUALIZATION | MANUALS [ CAREER | SIGN UP

a 2s
MAGNET Support fEEEEIm g ii o

« Discussion Forum
» Live Chat
« Frequently Asked Questions

« Contact Us
« Temms and Privacy
« Team

wiultiscale, Adaptive Global NETwork for Water

THE GLOBAL WATER MODELING PLATFORM

cloud-based, data-enabled, hierarchical, real-time interactive, accessible anywhere & anytime
enabling simulation of groundwater & watershed dynamics anywhere in the world

- t i -
o ” .

Figure 95: Support tab/header accessed through magnet4water.net

HOME  PLATFORM NE_'I&)RK CURRICULUM___CASE STUDIES | VISU. AREER  SIGN UP

Live Chat

Initiate a Live Chat with a Hydrosimulatics representative.
Users are encouraged to first ask questions using the discussion forum or consult the extensive resources available under Library of this

website (Tutorials, Examples, User Manuals and the MAGNET Frequently Asked Questions) before initiating a Live Chat. The live chat is
open 9AM to 9PM, US Eastern Standard Time - EST, Monday-Friday

GO TO LIVE CHAT

Figure 96: Window to access the MAGNET Live Chat support (only available during certain times).
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10.3 Discussion Forum

Also available through the Support tab/header of the magnet4water.net webpage is a Discussion Forum
link. Clicking this will result in the webpage shown in Figure 97. Use the Search bar to look for relevant
previously posted material, or start a new post.

HOME PLATFORM

MAGNET
Discussion Forum

Welcome to the MAGNET Discussion Forum!

One of our goals in developing this modeling platform from the "top down" is to stimulate spontaneous, sustainable collaboration
from the 'bottom up’. We attempt to use the value of the ready-to-use, data-enabled modeling platform to pull the community
together, whose activity and interactions will in turn add to the value. This forum represents one aspect of our efforts to achieve this
goal. MAGNET users are encouraged to actively participate in discussions, to help each other, and to share their experience and
insights not only in using the platform and its related tools (Interactive Groundwater, research and educational videos, etc.), but in all
aspects of groundwater modeling and environmental analysis. We (Hydroimulatics INC.), as coordinators, will facilitate this process,

but we welcome everybody to contribute and add their inputs.

MAGNET Refresh Permalink Login Register

Search Advanced Search

Display Ha\l dates Vl Show Tips

Found 1 matching posts for Display in MAGNET

Display distances in MAGNET

It's often helpful to shown distances/lengths for the demain polygen or zone/line features inside the domain, especially when operating in “Synthetic Mode”. To
show distances for the Domain Polygon: 1) First, a domain polygon needs to be drawn in the MAGNET Modeling Environment / Map Display...

in MAGNET on Nov 11, 2019 by Zach — 0 replies in thread

Figure 97: Discussion Forum page, where you can search previously posted materials or start a new post.

10.4 Tutorials and Demos

About 20 ‘quick and easy’ tutorials are available that focus on one particular aspect of modeling flow and
transport using IGW-NET. Most of these tutorials include a real-time screen capture video; all tutorials
include step-by-step written instructions with annotated graphics to follow. You can access the tutorials
at the magnet4water website under the Manuals header (see Figure 98).
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Within the same Manuals header as the Quick Tutorials is a link to video demonstrations of a site in
northern Michigan, United States. This includes a regional model and nested local model; flow calibration
and transport modeling; and 2D and 3D flow (see Figure 99).

HOME  PLATFORM NERWORK

MAGNET Quick Tutorials

A set of step-by-step tutorials is provided to help users quickly learn the groundwater modeling and analysis tools available in MAGNET.

Users need only a basic understanding of groundwater hydrology and environmental analysis all of MAGNET's tools and capabilities -
modeling experience is not a requirement! MAGNET is designed to help beginners focus on scientific exploration rather than technical

issues associated with numerical modeling.

Additional details and references to relevant sections in the MAGNET User Manual are provided if issues are encountered while
completing a tutorial.

TUTORIAL 1 - Steady 2D Flow Modeling

1a - Model with Data Center Inputs

Figure 98: Subpage hosting the Quick Tutorials on magnet4water.net
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Figure 99: Subpage hosting the site demonstration videos on magnet4water.net

10.5 MAGNET Technical Support

You can email support@magnet4water.com if you encounter any bugs or issues that cannot be
troubleshooted using the existing documentation or forums.

104


mailto:support@magnet4water.com

Appendix

Structure of Model Windows
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Figure Al: Cross-section showing top elevation, bottom elevation and computed head.

105



Cross Section Plot X
Head/Top Elevation/Bot Elevation [T=0 days/0 yea
200. ......... S § sesesnsae
1004
Head
Top Elevation
0 ; N ; " . i  veesa Bot Elevation
10(:300 20@00 30(:100 40[:]00
2 ; - e :
-1004 e E e Rl e R e e 4
«
Head 2 O Show All Layers
= N
[_]conductivity Layer#=3
[|Top Elevation Legend
Bot Elevation v
ReDraw Close

Figure A2: Top elevation, bottom elevation and computed head value for Layer 3.
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Figure A3: Multiple level representation of button contents of IGW-NET
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